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(g) Vascular endothelial cell growth factor II. 



(S7) Vascular endothelial cell growth factor 11 is purified from the culture media used to maintain 
^ mammalian glioma cells. The protein is a heterodimer. stimulates mitogenesis of mammalian vascular 
- endothelial cells and is useful for the promotion of vascular development and repair. This unique 
growth factor is also useful in the promotion of tissue repair. 
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BRIEF DESCRIPTION OF THE DRAWING 

Figure V. VEGF II activity present in fractions eluting from a polyaspartic acid WCX HPLC cation exchange 
column, bar denotes pooled active fractions. 
5 Figure 2. VEGF II activity present in fractions eluting from a metal chelate column. 

Figure 3. VEGF tl activity present in fractions eluting from a RP-HPLC column. 

Figure 4. Full length amino acid residue protein translation product and its cDN A coding sequence for VEGF 
I A subunit plus polypeptide cleavage products used to determine the amino acid sequence. 

Figure 5, Full length amino acid residue protein translation product and its cDNA coding sequence for VEGF 
.70 II A subunit plus polypeptide cleavage products used to determine the amino acid sequence. 

Figure 6. Full length amino acid residue protein translation product and its cDNA coding sequence for the 
13.5 amino acid form of VEGF II B subunit plus polypeptide cleavage products used to determine the amino 
acid sequence. 

Figure 7. Full length amino acid residue protein translation product and its cONA coding sequence for the 
15 115 amino acid form of VEGF II B subunit.. 



BACKGROUND OF THE INVENTION 

A new class of cell-derived dimeric mitogens with apparently restricted specificity for vascular endothelial 
20 cells has recently been identified and generally designated vascular endothelial growth factor (VEGF). The 
mitogen has been purified from: conditioned growth media of rat glioma cells. [Conn et al., Proc, Natl. Acad. 
Sci. USA 87: 2628-2632 (1990)]; conditioned growth media of bovine pituitary folliculo stellate cells [Ferrara 
and Henzel. Biochem. Biophys. Res. Comm. 161: 851-858 (1989) and Gospodarowicz etal.. Proc, Natl, Acad. 
Sci. USA 86: 73 11 -7315 (1989)1. Vascular endothelial growth factor I (VEGF I) is a homodimer with an apparent 
23 molecular mass of 46 kDa. with each subunit having an apparent molecular rnass of 23 kDa. VEGF I has distinct 
stojctural similarities to platelet-derived growth factor (PDGF). a mitogen for connective tissue cells but not vas- 
cular endothelial cells from large vessels*. 
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OBJECTS OF THE INVENTION 



It is. accordingly, an object of the present invention to provide a novel vascular endothelial growth factor 
II (VEGF II) free of other proteins. Another object is to provide a procedure for the purification of the substantially 
pure VEGF IL A further object is to provide VEGF II to stimulate endothelial cells for induction of blood vessel 
growth, vascular repair and the production of artificial blood vessels. Another object is to provide VEGF II to 
35 stimulate tissue repair. 

SUMMARY OF THE INVENTION 

Vascular endothelial cell growth factor II is purified from the culture media used to maintain mammalian 
40 glioma cells. The protein is a heterodlmer and stimulates mitogenesis of mammalian vascular endothelial ceils 
arid is useful for the promotion of vascular development and repair. This unique growth factor is also useful in 
the promotion of tissue repair. 



DETAILED DESCRIPTION 



The present invention relates to a unique vascular endothelial cell growth factor (designated VEGF II), iso- 
lated and purified from glioma ceil conditioned medium, which exhibits mitogenic stimulation of vascular 
endomeiial cells. Glioma is defined herein as any neoplasm derived from one of the various types of cells that 
fonr. the interstitial tissue of the central nen/ous system including brain, spinal cord, posterior pituitary gland 

so and retina. ConsequenUy. the scope of the present invention is intended to include the unique growth factor 
isolated and purified from any mammalian glioma tissue or other cells including cell lines. Cell lines include, 
but are not limited to. glioma-derived cell lines such as C6. hs 683 and GS-9L: glioblastomas such as A-172 
and T98G; neuroblastomas such as lMR-32 and SK-N-MC; neurogliomas su-h as,H4; tetromas such as XS-2; 
astrocytomas such as U-ST MG and U-373 MG; em.bryona! carcinomas and non-transformed gijal or ast,rocyte 

55 cell lines, and the human medulloblastoma line TE 671. with GS-9L and TE 671 being preferred. VEGF li is 
present and can be isolated from rat tissue including ovary, heart and kidney. Anterior pituitary tumor cell lines 
such as GH3 and Hs 199 may also be used. Although the VEGF of this invention is described as being isolated 
from rat cells, the same or substantially similar growth factor may be isolated from c.her mammalian cells. 
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inciudirg human cells. • ' 

Vascular er.cc:'r.e\':a\ ^rc*.vt.^ .'actor !! rr.ay exist various rricrche'.errcer.ecus fcrms which are isclacsd 
ircrr: one cr more of :'r,e vancus cells or tissues describee above. Micrc"e:ercgeneous forrr^s as used herein 
refp*' to a single gcr.e orcduct. ihot is a pectide produced ^^rcm a single r.ene unit of ONA. which is stnjcturally 
nod-f5?d Ihe .'t:R.\'A leva! cr fcifGwing iranslation. Peptide and proceir =:= used incerchangeabiy herein. The 
nicru n->f£rog en eous fcrrp.s wiil all have equivalent mitogenic activities. Siclcgical activir;/ and biolcgicaily active 
r-r? uz'z-i interchangeably and are herein derlned as the ability of^EGf ii :c stimulate DNA synthesis in target 
Cells incit.'ding v=5scuiar endothelial ceils as described below which resul-s 'r. cell grciiferation. The m.od.ficaticns 
ms./ take piaca either in vivo or during the isolation and purification process, [n vivo mod rfi cation results frcm, 
tut is not lim.ited to. proteolysis. g!yccsylatJon. phosphor/lation. deamidaricn or acstyiation at the N-terminus. 
Proteolysis rr.ay include exoproteolysis wherein one or more terminal amino acids are sequentially, enzymatH 
ca'ly deaved to produce microheterogeneous forms which have fewer amino acids than the original gene pro- 
duct, ''^roteo'ysis may also include endocrcteolytic modification rhat res-its from the action cf endcorcteases 
which cleave the peotide at specific locations within 'he amino acid seoue.-^ce. Similar mcdifications can occur 
dtjring the purrficaticn process which also results in production of microheterogeneous forms. The most ccrn- 
mon modification occurring during purification is proteolysis v/hich is genei-ally held to a minimum by the use 
cf protease inhibitors. Under most conditions one or more microhetercgerecus forms are present following puri- 
fication of native VEGr II. Native V£GF 11 refers to VEGF II isolated and ::uriried from ceils that produce VEGF 
II. Vascular endothelial grci'Mh factor Ii may also exist in various alterna::vely spliced forms which is defined 
herein as the production of related mRNA^ by differential processing of excns. Excns are defined as those pars 
of ;he"ONA sequence of a eukar/otic gene that code for the final protein product. 

Glioma cells such as the rat cell line G3-3L are grown to confluence :n tissue culture flasks, about 175 cm^. 
in a cell culture medium such as Oulbecco's Modified Eagle's .Medium (GMEM) supplemented with about 10% 
newbcrrx calf serum (NCS). When the cells reach confluence the culture medium is removed, the cell layers 
Hre washed with Ca"*. Mg**-free phosphate buffered sialine (PSS) and. are removed from the flasks by treatment 
v.-ith a solution of trypsin, about 0.1%. and EDTA. about 0.0^%. The ceils, about 1 x 10^. are pelleted by cen-' 
t7:f:;gation. resuspended in about 1500 ml of DME.M containing about 5% NCS and plated into a ten level cell 
I'actor/ (NUNC). 6.000 cm^ surface area. The cells are incubated for abcut to about 96 hours, with 72 hours 
prf»:erred. at about 37" C in an atmosphere of about 5% CO2 . Following incubation the medium is removed' 
ann the cell factories are washed about 3 times with FBS. About 1 500 mi of fresh culture media is added con- 
taining about a 1:2 mixture of Ham's-FI 2/DMEM containing about 15 m.V. Hepes. about 5 \ig/m\ insulin, about 
^0 vig/ml transferrin and with or without about 1.0 mg/mi bovine serum, aibumin. This media is replaced with 
fresh media after about 2^ hr and collected every 43 hr thereafter. The cciiected conditioned media is filtered 
through Whatmen pap.:;r to rennove cell debris and stored at ac-out -2G'C. 

The GS-9L conditicne i medium is thawed and brought to pH S.O with 1 M HCI. The initial purification steo 
consists of cation exchange chrcmatography using a variety of cation exchangers on a varieD/ of matrices such 
as CM Sephadex C-50.- Pharmacia Mono S. Zetachrcm SP-and Polyasca.-tic Acid WCX (Nest Grouo) with CM 
Sephadex C-50 (Pharmacia) being prefen-ed. The VEGF-containing culture media is mixed with CM Sephadex 
C-50 at about 2 gm per about 20 L of the conditioned media and stirred at low speed for about 24 hr at C. 
The resin is allowed to settle and the excess liquid is re.moved. The resin slum/ is packed into a column and 
the re.maining qulture media is removed. Unbound protein is washed from the column with 0.05 M sodium phos- 
r.hsre. about pH 6.0. containing 0.1 5 M NaCI. The VEGF II is eluted with about 0.05 M sodium phosphate, about 
pH 0.0. containing about O.S M NaCI. 

The active fractions collected from the CM Sephadex C-50 column are funher fractionated by lectin affinity 
jhromatography for additional puri-fication of VEGF II. The lectins which .-.ay bind VEGF il include, but are not 
'■-lited :o. lectins which spacrficaliy bind manncse residues such as concanavalin A and lens culinaris aggluti- 

lectin.-, v/h'ch bind N-ncetylglucosamine such as wheat germ agglutinin, lectins that bind galactose orgalac- 
ij.samine and ioctifi.^ wnich bind sialic acids, with concanavalin A (Con A) being prefen-ed. A 0.9 cm diameter 
wo^rrnn conoininc obcut 5 m.l packed volume of Con A agarose (Vectc Laboratories) is washed and equili- 
brntcc with about 0 05 M sodium acetate about pH 6.0. containing about ' mM CaClj. about 1 mM MnC;2and 
:.; '-.la O.f) M NnCI. Uio unbound nrotom -r, wn.shod from the column wi;i: OQuilibrnlion buffer. Tho VEGF II i.s 
ululec with about 0. 1 M NaC! buffer containing about 0.32 M a-melhyl msnnoside and about 0,28 M o-methyl 
r.liiccsicj. 

7r.fi VEGF II active sluate frcm the Ccn-A column is applied to a Pclyaspartic Acid WCX cation exchange 
high .:-.'formance liquid, chromatography (HPLC) column, d.S mm x 25G rr.rr.. pre-eauilibrated in about 0.05 M 
sodium phcsohate buffer, cH 6.0. The colum.n is eluted wi(h a linear grac-en: of about 0 lo 0.75 M NaCI in the 
phosohata buffer over about 60 minutes. The now rate is maintained at uzout 0.75 m,l/min collecting 0.75 nnl 
■Vactichs. Vjscular onccthcliol growth fac'.cr activify is crescnt in fractics e-uiing bet^^cen approximately 21.7 
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and 28.5 ml see Fig. 1. 

The active fractions eluted from the polyaspartic WCX column that contain VEGF (1 are pooled, adjusted 
to r*- out pH 7.0 and loaded onto a 1 x 10 cm column of Phsarmacia Chelating Sepharose 68 charged with an 
excess of copper chloride and equilibrated in about 0.05 M sodium phosphate, about pH 7.0, containing about 
s 2 W N'aCI and about 0.5 mM imidazole (A buffer). VEGF il is eluted from the column with a gradient from 0-20% 
B over 10 minutes. 20-35% B over 45 minutes and 35-1 00% 3 over 5 minutes at a flow rate of ml/min, where 
3 L-uff^r is 0-05 M sodium phosphate. pH 7,0. containing about 2 M NaCI and 100 mM imidazole. The active 
froclions containing VEGF II activity eluted between about .12.6 and 22.3 ml of the gradient effluent volume, 
see Fig. 2. 

10 . The pooled fractions containing VEGF II activity eluted from the metal chelate column are loaded onto a 
, 4.6 mm x 5 cm Vydac reverse phase HPLC column (5 pjn particle size) previously equilibrated in solvent A 
[0.1% trrfluoroacetic acid (TFA)]. The column is eluted with a linear gradient of about 0 to 30% solvent B over 
15 minutes. 30% 8 for an additional 15 minutes, then 30-45% B over 22.5 minutes and finally 45-100% B over 
5.5 minutes. Solvent B consists of solvent A containing 67% acetonitrile (v/v). The flow rate is maintained at 

15 about 0.75 ml/min and fractions are collected every minute. The homogeneous VEGF II elutes from the col- 
umn under these conditions at between about 32 and about 38 ml of the gradient effluent volume, see Fig. 3. 

Purity of the protein is determined by sodium dodecylsuifate (SOS) polyacrylamide get efectro phoresis 
(PAGE) in 12.5% crosslinked gels using the technique of Laemmli. Nature 227: 680-654 (1970). The silver 
-.t-ined gels show VEGF II to consist of one band under non-reducing conditions with an approximate apparent 

20 molecular mass of about 58,000 daltons. When a sample containing the microheterogeneous forms of VEGF 
II is separated under reducing conditions it migrates as two about 23 kilodalton (kDa) subunits. The purification 
process results in VEGF II that is essentially free of other mammalian cell products, such as proteins. Reconv 
binandy derived VEGF It will also be free of mammalian cell products. 

Biological activity is determined by mitogenic assay using mammalian vascular endothelial ceils. Human 

2? umbilical vein endothelial (HUVE) cells are plated on gelatin-coated dishes at a density of about 5000 cells per 
well in about 500 j^l of Medium 199 (Ml 99) containing about 20% heat-inactivated fetal calf serum (FCS). Sam- 
ples ^o be assayed are added at the time of plating. The tissue culture plates are incubated at about 37*» C for 
about 12 hours and about 2 microcuries of tritiated thymidine (NEN. 20 Ci/mmol) is added per ml of assay 
medium (1 .0 ^iCi/well). The plates are incubated for a further 60 hr. the assay medium is removed and the plates 

jc are washed with Hanks balanced salt solution containing about 20 mM Hepes, about pH 7.5, and about 0,5 
mg/ml bovine serum albumin. The cells are lysed and the labelled DNA solubilized with about 200 of a solution 
containing about 2 gm of sodium carbonate and about 400 mg sodium hydroxide in about 100 ml water. The 
incorporated radioactivity was determined by liquid scintillation counting.The concentration of VEGF v/hich eli- 
cited a half-maximal mitogenic response in HUVE cells was approximately 2 ± 1 ng/ml. The glycosaminoglycan- 

35 heparin, which is required in these assays at a level of 10-100 i^g/ml to promote a response to a positive control, 
acidic fibroblast growth factor, does not enhance mitogenic stimulation of these cells by VEGF II. 

A purified about 1-2 \xg sample of VEGF 11 is reduced in about 0.1 M Tris. about pH 9.5. with about 0.1% 
EDTA. about 6 M guanidinium chloride and about 20 mM dithiothreitol for about 2 hr at about 50** C. The reduced 
protein is carboxymethylated for about 1 hourin a solution containing about 9.2 jiM of unlabelled and 2.8 ^iM 
of ^-C-iodoacetic acid in about 0.7 M Tris. about pH 7.8. and about 0. 1% EDTA and about 6 M guanidinium 
chloride. The grotein is carboxymethylated for about 1 hr at room temperature. The protein is isolated after 
reduction and carboxymethylation by reverse phase HPLC chromatography on a Vydac column . about 4.6 
. mm x 5 cm. The protein is loaded onto a column pre-equilibrated with about 0.1% TFA and eluted by a 45 ml 
linear gradient from about 0.1% TFA to 0.1% TF A/67% acelonitrile at a flow rate of about 0.75 ml/min. The 

^5' r-2ciu-ed and carboxymethylated protein eluted as two peaks at approximately 25 and 28 ml with the proportion 
"^einij approximately equal as detemiined by monitoring absorbance at 210 nm. 

Samples of the reduced and carboxymethylated monomers are applied to polybrene-coated glass Hberfil- 
•ers and their N-terminal sequences are determined by Ed.man degradation in an ABI gas phase microsequ- 
encsr in conjunction with an ASI 120A on line phenylthichyddntoin analyzer following the manufacturer 

:o iMStnjctions. The protein showing the peak of absorbance eluting at approximately 28 ml (A subunit or monomer) 
,ir'dcd an nmino lerminnl sequence of: 

AIn Hro Thr Thr OUj Gly Glu Gin Lyn AIn I hn Clu Vol Vnl 
whir.h 16 itirniir.Ml in ihri monomrif3 of VIIGF I. Conn ai 51.. Proc- Nnil AoaU. Sd. USA 21: 2020-2032 (1000). 
I ho im.nK at tah^.vhoni.n nluUfig annroxuMrticl y C^, Mil (I » ^uhuMii « •! nionoin.?r) yinld^d an N^lBrminal f*«quaiu:o 

Ala Lfii; l>or AIm Gly Arm Xxx Ser Thr Glu Moi GUi Vnl VmI I 'ro Phe Ann Qlu Vnl 
,.li.i Q nearly equal amount of a Iruncaiod fonnof ticimH hftqurtnco misalnQthH first ihroft amino acid rns.. 
i,,r-H. Tim -nUfimy Xxx rnr»i(l!ir» r.orrflspnnda to an Asn tf^sifhir in ihh nlnnrtd cDNA. na.^ hftlow. nmcft thus mi.s. 
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:g A-s.- occurs a -lassical Asn Xx;< Ser/Thr M-gl«/cosy!aticr. sscusnci > 3 crasumed to be giycosyiated. 
..e A sucu-,t and '.hs total cf bc:h 3 sucunits ars raccversd in r.ssr.y -cuai ar^cur.ts sucocrting the mterpre- 
taiien that the fA/o peptides ccmoine to form an AS heterodimer in V£Qr II. 

""a sarr.?;e of trse A mcncmer was treated with either the protease :r/csir wnich cleaves pclypeotides on 
the C-terminal side of lysine and arginine residues cr Lys C which cleaves pc:,. 'Peptides on the C-terminai side 
of lysine by procedurss well known in the art. The peptides are isolated by reversed phaseHPLC(RP-H.°LC). 
The a.-ninc acid sequsncas cf the isclatcd peptides are determined 'jsi-g t.-e Ecman degradst-cn in the A3I 
y-is yn^je seausnator in conjunction with the Aai 120 A on line phenylt.^ichydantoin anai'/xer rollcwing man- 
ufacture- 's instmcticns. The amino acid sequences ars shewn In .-igure 

Reduced and carpoxymethyiated A monomer Is dried and sclubiiized in spcut 0.7 M Tris. about pH 7.3. 
about S M guanidincum chlcnde containing about 0.1 % EDTA. V3 protease is acded in 0.1 M ammonium bicar- 
bonate buffer, about pH 3.0. and the mixojra .s incutratsd for about 4.a^hr at a:c'jt 37'C. The protease cleaves 
predominantly on the carboxyl terminal side of glutamic acid residues, i he resulting polypeptides were resolved 
by C:j RP-HPLC as above. • _ 

The reduced and carboxymethylated A subunit protein solution is adjusted to a pH of about .3.3 with 5 N 
HCI and dithiotreitol is added to a final concentration of 2 M for reduction pf any methionine sulfoxide to 
m«-th:cni-e residues. After about 20 hr of reduction at about ZS^C the prctern is reourined by HPLC. > he 
produrt is dried and cleaved on the carboxyl tenminal side of methionine residues by 200 ul of 40 mM cyanogen 
brc.Ttide in about 70 % (v/v) formic acid under an argon atmosphere at about ZQ'C for about 2<i hr in the dari<. 
The cleavage products are resolved by C,3 RP-HPLC. The amino acid seouence is si-.own in Figure d. see Conn 
et al.. =-cc. Nad. Acad. Sci USA 37: 2623-2S32 (19S0). 

The full'length 190 amino acid residue protein translation product of the VEC-P ll A monomer, which is new 
Vr.-.wn to be identical with the VEGF I A monomer, and its cDNA coding secuenoe are shown in Pig. i and ^.g. 
T-o mature amino temiinus begins at residue 27. immediately following a typical hydrophoo.c secretory 
: ..-,fequencs. A single potentral N-glycosylaticn site exists at Asn^co- Most (1^3 amino acid residues) or the 
1 residues of the reduced and carboxymethylated mature subunit Including the amino terminus and HPLC 
■ ersed phase-purified products of trvptic (T). Lys-C (L). Staphylococcus aureus V3 protease (V8) and cyano 
gen bromide (C8) cleavages, ware detenmined by direct microsequencing (Applied Biosystems 4/OA) using a 
total of S of protein. All residues identified by amino acid sequencing are denoted by ^rrows^pointing^o^the 
~:;^3- ciirccti-- bcnpsth the rr.cturc prccccccc 3squanca following the bracket at residue 27 for the ai..M-.o 
'teTminai deter^nlnation of the'whole subunit or. for residues identmed from the polypeptide cleavage products, 
above the double-headed arrows spanning the lenght of the particular polyoep'.ide. One listed pair of polypeo- 
tides., VI a A and V1 3B. was sequenced as a mixtuVe and. therefore, are only cc-nrmator/ of the cONA-decuced 
amino acid sequence, see Figure 4. - ' j -lu 

Samples of the reduced and cartioxymethylated pure VEGF II A and 3 mcncmers were each digested w,th 
tr.- ' v«-C endoprcteinase. which cleaves polypeptides on the C-termmal sice of lysine residues, i he peptides 
^■era'i<;o'ated by reverse -phase HPLC and their amino acid sequences were determined as descnbed aocve. 
The locations of the peptides in the Hnal VEGF II A and 3 sequences ars shown in Fig. 5 and F.g. 6. respectively. 

The full length coding region of the A monomer is determined from three sets of overlapping cDNA clones. 
0-a»nerate oligonucleotide primers based on the amino acid sequc-.^as" Phj-Met-Asp-Val-Tyr-Gln from 
ooVypeptide L42 (residues 42-47) and Cys-Lys-Asn-Thr-Asp from polypeptice ,33 (residues 164-163) (see 
F.a. 4 a 5) were used to PGR amplify the central ...gion of the cONA for VEGF A chain following the pr^ 
c- urp Saiki et al.. Science 230:1350-1 354 (1985). A single band migrating at 420 bp was gel purified, d.ges- 
t^7with Sail, ligltid into pG£M32f(+) and sequenced. The nucleotide sequence obtained (p4238) was used 

■ di 5;in -ntisense and sense PGR primers to amplify the 5' and 3" ends of tne cDNA according to the protocol 
. Jnted by Frohman et al. Proc. Natl. Acad. Sci. USA 35:3993-9002 (1533). These 5' and 3" clones are 

.--..oted 05-1 5 and pW3. respectively. Regions of complete ONA sequences, excluding the primes, determine. 

■ .,• ^ach set of clones are indicated by double-headed arrows above the nucleotide sequence. In aclditiori to 

■ •■ cONA coding the 164 amino acid secreted form identified by protein sequencing, r.vo alternative cDNAs 
".-coding a 120 amino acid and a 138 amino acid fomn are cloned and secuencso. 

The full iongth coding region of '.he 3 monomer is determined from four sets of overlapping cONA clones^ 
0-cenerate oligonucleotide pnmers based on the amino acid sequences from polypeptide L50 are usee to r-oR 
ampiif^/ the central region of the cONA for VEGF II 3 monomer fcllcwmg the prccedure of Saiki et al.. Science 
2^n.i3;30-1354 (1935). A single band migrating at 103 bp v.-as gel P.r^iec. digested with Sail. Iigated mto 
"■ ■ -ru.) and sequenced. The nucleotide sequence obtained (pYG) v.as used to design antisense and 
'zP primers to amplify, the 5' and 3' ends of the cDNA according to t.-.e protocol described by Fronman 
• - ■ - i^atl Acad. Sci. USA 35:3993-3002 (1333). Th.se 5' and T cic.-.es are denoted p5V2 and c3V.^ 
. v ..dd;tion.3l 5- end .ec^^r.ces are dete.-r-.ined form done 202 isc^Btec from a cONA l,=rar. prepared 
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rror-- GS-9L ccly A" RNA. Regions of complete O.MA sacjsnces. excluding \'r.e znrr.ers. determined for eac,^. 
sec cf "'ones are indicatac by double-headed arrows above the ntjcieotica secjer.ce. The entire base secuence 
for ir,e ' 3 5 amine acid micrchecsrcgeneous S subuntt and -trie 1 15 amine 2c:c micrchecsrogenecus 3 suounit 
src shewn ir. Fig. 6 and Fig. 7. 

It is intended that vascular endothelial ceil growth factor II exist as a hetercdimer ccnsiscing of an Asubunit 
srd 3 3 SL'bijn-?. It is rurther intended that VEQr hcmcdirrsers exist- as either r^vc A subunits or f//o 3 sucunits. 
The Pj Z'^'OLip.i: may be either the 135 am.ino acid form or ihe 1 15 am. in o aclc *cmi. The A subunit cf the may be 
r"«^'>r \\'^2 138 amino acid form, the I6*i amino acid fcrm cr the 120 amine acid form. The hetercdimers or 
her-^rodimer scecies can be depicted asiA,^ ^- 3.35. A.j^ + 3. .3. A,^ + S-.:;. A,^ + 3,;s. A, 20 * 3!3S. A.^o 
St-s- 3-25 3ir5. A, 33 > A,!^.., A, 33 ^- a,;q and A^gj + A.^g The hom.cdimers can be depicted as: 3 .35 ^- 3.2.s, 3, is 
»■ 3::s. A;o, -f A;^g. and A.;o A. 20- It is also intended that the invention include all of the individual subunit 
f.inr.s of both the A subunit and the 3 subunit of VEGF il. ' 

It is f\^nher intended that the nucleotide sequence for vascular endctheiisS growth factor l( be interpreted 
to include all codchs that code for the appropriate amino acids in the secusnce for each cf the vascular andothe- 
li.il growth factor tl subunits. as indicated by the degeneracy of the genetic cede. !t is further intended that the 
nucleotide secuence and the amino acid sequence for VEGF II subunits inc'ude iruncatsd genes cr proteins 
v/hic^ rpsuit in a protein which exhibits biological activir/ similar to vascular enccchelial growth factor II. The 
scope of Che. invention is intended to include all naturally occurring mutations and allelic varients and any ran- 
domly generated artifical mutants which may change the sequences but do nc: alter biological activity as deter- 
n-.'^erJ by ine ability to stimulate the division of vascular endothelial cells. 

i'he acQve described heterodimers. hcmodimers. subunits and monomers of vascular endothelial growth 
'.'v 'or are characterr^ed by being the product of chemical synthetic procedures cr of procar/ctic or eucan/otic 
■ exoression of the ONA sequences as described herein. A monomer is cefined as a subunit that cannot 

- r. ;qn cligomeric unit. Expression of the recombinant VEGF li genes (recombinant ONA) is acccm.plished by 
-1 "-ncerof difiersn: host ceils which contain atleastone cf a number cf expression vectors. E;<pres3ion vectors 
1 defined herein as ONA sequences that are required for the transcription cf cloned copies of recombinant 

CNA seauences or genes and the translation of their mRNAs in an appropriate hosL Such vectors can be used 
to express genes in* a variety of hosts such as bacteria, blue-green algae, yeas: cells, insect cells, plant cells 
and animal cells, with mammalian celts being preferred. The genes may also be expressed In a number of vinise 
zyz-.crr.z. SpccificalJy designated vectors allow the shuttling of ONA between bacleha-yeasi, bacteria-piani cr 
bacteria-animal cells. An appropriately constructed expression vector should contain: an origin of replication 
for autonomous replication in host cells, selective markers, a limited number cf useful restriction enzyme sites, 
a high copy number, and strong prom.oters. A promoter is defined as a ONA sequence that directs RNA polymer- 
ase to bind to ONA and to initiate RNA synthesis. A strong promoter is one whicn causes mRNAs to be initiated 
^.t high frequency. Expression vectors may include, but are not limited to. cicn-ng vectors, modified doning vec- 
tors. Goacificsliy designed plasmids or viruses and cosmids. The expression cf m.ammalian genes in cultured 
mam.nTsiian cells is well known in the art. Sambrook et al.. Molecular Cloning, A Laboratory Manual. 2nd Edition. 
Book 3. Cold Springs Harbor Laborator/ Press (1989) and Current Protocols In Molecular Biology. Ausubei et. 
z\. Eds. Greene Publishing Associates and Wiley-lnterscience. 1987 and sucpiements, discJcse various manv 
malian expression vectors and vector systems along with methods for the in'.-cduction of recombinant vectors 
i.'to miamm.alian cells The cDNA for the monom.eric forms of the A and 3 subuniis -can be expressed in a system 
-Mch as that described by Linem.eyer et aj.. European Patent Application. Publication No. 259.953. The cDNA 
is incorporated into a commercially available plasmid such as pKK 223-3 (Pharm.acia) as modified as by 
Liremeyer et a[. and expressed in £. coli . Other expression systems and host cells are well known in the art. 

• Th-i: high Cys content and glycoslyation of the A and 3 subunits along wi:h the structure of the homo-and- 
r.-rterodim-ers suggests that expression of biologically active proteins is carried out in animal cells. Expression 
mc^y be carried out in Chinese hamster ovary (CHO) cells with the cloned VEGr II ONA cotransfected with the 
gene encoding dihydrofolate reductase (dhfr) into dhfrCHO cells, see Samcrcck et a[. Transformants expres- 

- ng dhfr are selected on media lacking nucleosides and are exposed to increasing concentrations of methct- 
x.ite. The dhfr and VEGF li genes are thus coamplified leading to a stable cell line capable of expressing 

'.••gri levels of VEGF H. The plasmid is designed to include either an A subunit and a B subunit or two A or 3 
.=;ubun:L The r*vo cDNAs are operably attached so that the protein produced wiil ce dimeric and will have VEGF 
:i biclocical activity. Ooerably attached refers to an appropriate seouen-iai arrangement cf nucleotide seg- 
m cDNA segm.sn-s 01 genes such that the desired prc'.eir. wiil be prcducec by cells containing an expres- 
'-..'or conta'nir.g the'operabiy attached genes. cONA segments cr nuclecJdes. 

* .:-xpressed proteins (monomers or dimers) are isolated and purifiec py standard protein purification 
• I: is to be understood that the expression vectors capable of expressing hecerodimeric fcnms cf 
/c.v: -■ .v:.i cont.im 3 ONA sequence v/h.ch v/il! enccce an A.subun:? c-nc a Zr-A sequence which w:il encode 
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^ r, -,.u..-:* p /-.f ovnroccmrt homod'nneric forms of VEGF will contain either one or 

two DNA sequences which encode either two A or two o subunits. 

The ability of the various species of VEGF II to stimulate the division of vascular endothelial cells makes 
this protein In ail microheterogeneous fomns and alternative splicing fom^s useful as a pharmaceutical agent. 
5 The protein as used herein is intended to include all microheterogeneous forms as previously described. The 
protein can be used to treat wounds of mammals including humans by the administration of the novel protein 
:c patients in need of such treatment. 

Tne novel method for the stimulation of vascular endothelial cells comprises treating a sample of the desired 
vascular endothelial cells in a nutrient medium with mammalian VEGF II. preferably human or rat. at a concen- 
'10 tration of about 1-10 ng/ml. if the vascular endothelial cell growth is conducted in vitro, the process requires 
the presence of a nutrient medium such as DMEM or a modification thereof and a low concentration of calf or 
bovine serum such as about 0 to 2% by volume. Preservatives such as antibiotics may also be included; these 
ara well known in the art 

The novel growth factors of this invention are useful for the coverage of artificial blood vessels with vascular 
rr endothelial cells. Vascular endothelial cells from the patient would be obtained by removal of a small segment 

--t I 1.1 J I «--,:n« — tj-s-s s^d ths desired cells would be grown in culture in the 

Of usance of VEGP II and any other supplemental compoPfsnts that nnight be required for growth. After growth 
of adequate numbers of endothelial cells in culture to cover a synthetic polymeric blood- vessel the cells woOtJd 
be plated on the inside surface of the vessel, such as nxed umbilical vein, which is then implanted in the patiisnt. 
?o AJternatively. tubular supports are coated in vitro with VEGF II prior to implantation into a patient. Following 
implantation endothelial cells migrate into and grow on the artificial surface. Prior coating of the artificial vessel 
either covalen::y or noncovalentJy. with proteins such as fibrin, collagen. Hbronectin or laminin would be per- 
fonned to enhance attachment of the cells to the artificial surface. The cell-lined artificial vessel would then be 
surgically implanted into the patient and. being lined with the patients own cells, would be immunologically com- 
patible. The non-thrombogenic endothelial cell linog should decrease the incidence of clot formation on the 
surface of the artificial vessel and thereby decrease the tendency of vessel blockage or embolism elsewhere. 

The novel proteins are also useful for the production of artificial vessels. Vascular endothelial cells and 
smooth muscle cells from the patient would be obtained and grown separately in culture. The endothelial cells 
would be grown in the presence of VEQP II as outlined above. The smooth muscle would be grown in culture 
by procedures well known in the art. A tubular mesh matrix of a biocompatible polymer (either a synthetic 
polymer, with or without a coating of proteins, or a non-immunogenic biopolymeric material such as surgical 
suture thread) would be used to support the culture growth of the smooth muscle cells on the exterior side and 
vascular endothelial cells on the interior surface. Once the endothelial cells form a confluent monolayer on the 
inside surface and multiple layers of smooth muscle cells cover the outside, the vessel is implanted into the 

j5 P^^'tr^^^ peptides can also be used for the induction of tissue repair or growth. The pure VEGF II would 
be used to induce and promote growth of tissue by inducing vascular growth and /or repair. The peptide can 
be used either topically for tissue repair or intravascularly for vascular repair. For applications involving neovas- 
cularization and healing of surface wounds the fonmulation would be applied directly at a rate of about 10 ng 

4n '0 about 1 mg/cmVday. For vascular repair VEGF II is given intraveneously at a rate of about 1 ng to about 
1 0C ag/kg/day of body weight. For internal vascular growth, the formulation would be released directly into the 
region to be neovascularized either from implanted slow release polymeric material or from slow release pumps 
or repeated injections. The release rate in either case is about 100 ng to about 100 ;.g/day/cm' 

For non-topical application the VEGF is administrated in combination with pharamaceutically acceptable 

■s carriers or diluents such as. phosphate buffer, saline, phosphate buffered saline. Ringers solution, and the like, 
i.-. a pharamaceutical composition, according to standard pharamaceutical practice. For topical application, vari- 
ous pharmaceutical formulations are useful for the administration of the active compound of this invention. Such 
f.orrr.ulations include, but are not limited to. the following: ointments such as hydrophilic petrolatum or 
polyethylene glycol ointment: pastes which may contain gums such as xanthan gum: solutions such as alcoholic 

so or aqueous solutions: gels such as aluminum hydroxide or sodium alginate gels: albumins such as human or 
animal albumins: coMagens such as human or animal collagens: celluloses such as alkyi celluloses, hydroxy 
E'kyI celluloses and alkylhydroxyalkyl celluloses, for example methylcellulose. hydroxyethyl cellulose, car- 
boxvmethyl ceNulose. hydroxypropyl methylcellulose. and hydroxypropyl cellulose: polyoxamers such as 
F.u.-onic® Polyols exemplified by Pluronic® F-127: tetronics such as telronic 1508: and alginates such as 

rho%i'loiing examples illustrate the present invention without, however, limiting the same thereto. 
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Prgparaticn of Medium Conditioned 3y GS-9L Celis 

5 GS-9L ce;is were grown to confluence in 175 cm^ tissue culture flasks in Oulbecco's Modified Eagle's 

Mediumy'10% newborn calf serum (DMEM/CS). At confluence the nnedium was decanted from the flasks, the 
flasks were washed with calcium and magnesium free phosphate buffered saline (PSS) and the cells were 
removed cy -reacment with a IX solution of tr/psin/EDTA. The cells (1 x 10^) were pelleted by centrifugatjon. 
resuspended in 1500 ml of DMEM/5% NCS and plated into a ten level {6GC0 cm^ surface area) cell factory 

w (NiJNC). After 72 hours incubation at 37*' C in a 5% COz atmosphere the medium was decanted and the cell 
factories were washed 3 times with PBS. The cells were refed with 150.0 ml of a 1:2 mixture of Ham's F- 
12/DMEM containing 25 mM Hepes. 5 ^ig/ml insulin, 10 |j.g/ml transferrin and 1.0 mg/ml bovine semm albumin. 
This medium was changed with fresh F-1 2/DMEM after 24 hours and collected every 48 hours after thaL The 
conditioned medium was filtered through a Whatman #1 paper to remove cell debris and stored frozen at -20''C. 

IS 

£;<A.tViPLE 2 

Cprboxymethyl-Sephadex Chromatography 

2r GS-9L conditioned medium, from Example 1. was thawed and brought tc pH 5.0 wrth t M HCl. Two grams 

' '^M Sephadex C-50 cation exchange (Pharmacia) resin pre-equilibrated in PBS adjusted to pH 6.0 with 1 N 
is aacied to 20 iiters of conditioned medium. The mixture was stirred at low speed for 24 hours at 4" C. 
■^'■•e resin was then allowed to settJe and the medium is siphoned off. The remaining resin slurry was packed 
into a 3.0 cm diameter column and any remaining medium is allowed to drain off. Unbound protein was washed 
25 ui'i *.he column with 0.05 M sodium phosphate. pH 6.0. containing 0.15 M NaCI. Vascular endothelial growth 
i'a-:rcr activity was eluted from the column with a subsequent wash of 0.05 iM sodium phosphate. pH 6.0. con- 
taining 0.6 M NaCI. 

EX AMPLE 3 

Concanavalin A (Con A) Lectin Affinity Chromatography 

A C.9 cm diameter column containing about 5 ml of packed Con A agarose (Vector Laboratories) was equili- 
brated v/ith 0.05 M sodium acetate, pH 6.0. containing 1 mM Ca**. 1 mM Mn** and 0.6 M NaCI. The active eluate 
25 from the CM Sephadex C-50 column. Example 2, was applied to the Con A agarose and unbound protein was 
washed ^rom the column with equilibration buffer. The column was then rinsed with three column volumes of 
:•■ 05 M sodium acetate. pH 5.0. containing 1 mM Ca~. 1 mM Mn~ and 0.1 M NaCI. Sound protein was subse- 
c -endy eluted from the column by application of this buffer supplemented with 0.32 M a-methyl mannoside and 
0.28 M a-methyl giucoside. 

EXAMPLE 4 

y asparMc Acid WCX HPLC Cation Exchange Chromatography 

45 Tna active eluate from the Con A column. Example 3. was applied to a 25 cm x 4.6 mm poly(aspartic acid) 

WCX cation exchange HPLC column (Nest Group) pre-equiiibrated in 0.05 M sodium phosphate buffer. pH 6.0. 
- column was eluted with a linear gradient of 0 to 0.75 M NaCI in this buffer over 60 minutes at a flow rate 
- of .1.75 mi/min collecting 0.75 ml fractions. VEGF II activity present in fractions eluting between approximately 
21.7 and 28.5 ml were poojed as shown by solid horizontal bar in Fig. 1. 

IP LF. 5 

'-vtai . "^ r?late Chromatography 

•. r :tivc frictions eluted from the poly(aspartic acid) WCX column . Example 4. that contain VEGF II were 
\^.<f. adjusted to pH 7.0 and loaded onto a 1 x 10 cm column of Pharmacia Chelating Sepharose 68 charged 
.n an excess of copper chloride and equilibrated in 0.05 M sodium phosphate. pH 7.0. containing 2 M NaCI 
and 0.5 mM imidazole (A buffer). VEGF II was eluted from the column with a gradient from 0-20% B over 10 
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minutes. 20-35% B over d5 minutes and 35-100% S over 5 minutes at a flow rate of 0,3 ml/mfn. where B buffer 
was 0.05 M sodium phosphate. pH 7.0. containing 2 M NaCI and 100 mM imidazole. The active fractions con- 
fining VEGF II activity eluting between 12.6 and 22.8 rnl of the gradient effluent volume were pooled as shown 
by the solid horizontal bar in Fig. 2. 
5 • • ' 

EXAMPLE 6 

Reverse Phase Chromatography 

10- The fractions containing VEGF (1 activity pooled from the metal chelate column . Example 5 were loaded 

onto a 4,6 mm x 5 cm Vydac C4 reverse phase HPLC column (5 i^m particle size) equilibrated in solvent A 
(0.1 % ti*Jfluoroacetic acid (TFA)). The column was eluted with a gradient of 0-30% solvent B over 15 minutes. 
30% B for an additional 15 minutes, then 30-45% 8 over 22.5 minutes and finally 45-100% B over 5.5 minutes 
where solvent 8 = A containing 57% acetonitrile. The How rate was maintained at 0.75 ml/min. The active VEGF 

,j l( fractions eluting between approximately 32.2 and 37.5 ml of the gradient effluent volume were pooled as 
■^^lawn by the solid horizontal bar in Fig. 3. •* 

EXAMPLE 7 

20 Mitogen ic Ast-^ays 

Human umbilical vein endothelial cells (HUVE) were plated on gelatin-coated 48 well tissue culture dishes 
at a density of 5000 cells/well in 500 ^\ of Medium 199 containing 20% heat inactivated fetal calf serum (FCS). 
Sam.ples to be assayed were added at the time of plating. The tissue culture plates are incubated at 37- C for 
25 12 hours and 2 micrccuries of tritiated thymidine (NEN. 20 Ci/mmol) was added per ml of assay medium (1.0 
ViCi/well). The plates were incubated for a further 60 hr. the assay medium was removed and the plates were 
washed with Hanks balanced salt solution containing 20 mM Hepes. pH 7.5. and 0.5 mg/ml bovine seoim albu- 
min. The cells were lysed and the labelled ONA solubilized with 200 ^\ of a solution containing 2 gm of sodium 
carbonate and 400 mg sodium hydroxide in 100 ml water. The incorporated radioactivity was determined by 
.10 liquid scintillation counting. ' 

The concentration of VEGF II which elicited -a half-maximaf mitogenic response in HUVE ceils was 
approximately 2 ± 1 ng/ml. The glycosaminoglycan heparin, which is required in these assays at a level of 10- 
■100 ^g/ml to promote a response to a positive control, acidic fibroblast growth factor, does not enhance 
mitogenic stimulation of these cells by VEGF II. 

EXAMPLE 8 

Purity And Protein Structure Characterization of VEGF II 

40 Purity of the orotein under non-reducing conditions was determined by SDS-PAGE in 12.5% crossllnked 

gels according to the method of Laemmli. Nature 227: 680-685 (1970). The silver-stained gel contained a single 
band with an apparent mass of approximately 58 kDa. VEGF II migrated in SDS-PAGE under reducmg cond. 
tions in 15% crosslinked gels as a broad silver-stained band with apparent molecular mass of approximately 
2*^ kDa 

VEGF II was stored a 4»C in the aqueous trifluofoacetic acid (TFA)/acetonitrile mixture used to elute the 
homogeneous protein in reversed phase C. HPLC chromatography at the Hnal stage of the purificafon protocol 
prev^usly described. Aliquols of the purified protein (1-2 ^g) were vacuum ^''^P^^^'^^ 'V^'^J.^^- 
Sed 10 X 75 mm glass tubes and reduced for 2 hours at 50'C in 100 ^.1 or 0. 1 M Tr.s buffer: pH 9.5. and 6 M 
guanidinlum chloride containing 0.1% EDTA and 20 mM dithiothreitol (Calbiochem. UUrol grade) '^"^er an argon 
atmosphere. The reduced protein was subseouently carboxymethy.ated for 1 hour at 20'C by the add^^on of 
^00 V.I Of 0.7 M Tris. pH 7.8. containing 0,1 % EDTA. S M guanidinium.chlonde. 9.2 unlabeled .odoacetu: 
- ncid and 50 iiCl of iodo(2--' Clacctlc odd (1 7.9 mCi/mmolG, Amarsham). After completion of the carboxymethy- 
Son ,r,« mlx.»r« w«« loaC^cl' dir.c.ly on.o M.O tn.n x 0.0 cn, Vyd«c C4 column which h.d P-;<;;'"b-'^ 
in 0 1% TFA. The roductjd ond corboxymethylotod protein wo3 repurifled by elullon with a ^5 minute linear gro- 
;icn< c' C to B7% (v/v) nco.onitrilo in 0. 1% TFA at a How rate of 0.75 ml/min and stored '^^^ ^^^^^^^^^^^ 
M 4-C. Tho ro<luc«(l and cnrDoxymnthylnlod protein oK.tcd a., two ponkJ Ol npproximnloly 25 ond 28 ml Ihnl 
warn of approximalnly aqiial arfla an flaiftnnmftfl hy monilorino absorDanco nt 210 nm. 

rlZZ IMO two nrololn ..t.b.mil. l.ol«tml «r,er reduction «nd carboxymathylptlon wef. each apphed .0 
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:;olybrer.e-cc3:ecJ giass fiber filters and their N-isnrr.inai sequences were determined by Edman degradaLion in 
an A3I gas phase microsequencer in ccnjuncJon with an A3i "i^OA on li.";e ^jhenyithiohydantGin anal;'zer fc!- 
;owing maru/act^jrers instructions. The peak cf abscrbance eiuting at acsraxirr.ately 23 ml (A subunit) yielded 
an amino terminal sequence APTTEGEQKAH.EW identical to VEGr T. The ^>eak of absorbance sluting at 

S aoprcximately 25 mi (3 subunit) yielded the N'-erm-ina! sequence ALSAGN(X'i3TEiMEWPFNEV p<us a neady 
equal amouni a truncated fcrm of the same sequence missing ihe first -hree residues. The missing X residue 
cC)rresoor.ct3 tc an Asn in the dcned sequence. Since this missing Asn occurs in a dassical Asn-X-Ser/Thr N- 
glyccsyiauon sequence it is presumed to be glycosylated. The A and sum of the 3 chain peptides were recov- 
ered in r'.ea.-iy equal amounts suppcrJng the interpretation that the i'^c peptides combine to form an A3 

:o heterc-dimer in VEG? 11. 

Reduced and carboxymethyiated A and 3 subunits (550 ng each) were each dried by vacuum evaporation 
in 2ci<j -washed 10 x 75 rrm glass rufc^s. Lys C protease (50 ng. Soehringer Mannheim), an enzyme thatdcu^/es 
on Lhe cartxixyi tenninal side of lysine residues, was added to each tube- in 1CC ;il of 25 m-M Tris, pH 3-5, 0.1 
% EOTA. The sut^strate protein subunits were separately dig estfi<i at 37'C for 3 h<3urs and.the residling pc-fypep- 

r5 tides resolved -dv reversed phase HPLC chrom.atography on a 4.6 mm x 25 cm Vydac C13 cclL-mn equilibrated 
in 0. 1% TFA. Poiypectides were fractionated by elucion wrth a 2 hour linear gradient of 0-677o acetonitnle in 
0. 1% TFA at a How rate of 0. 75 ml/min at 20''C. Individual peaks were manually collected and stored in this 
e'ution solution at 'i^'C. 

The amino acid sequences of the isolated peptides were then determined using Edman degradation in an 
20 A3I gas phase sequenator in conjunction with the A3I 120 A on line phenylLhiohydantcin analyzer. (Applied 
ciosystems Int.). The peptide sequences are shown in the following rics. 5 and 5. The amino acid sequence 
of Lys C fragment L20 (Fig. 5) dem.cnstrates that the form of VEGF II A subunit in the heterodimer is the 
amino acid form. The amino acid sequence of Lyc C fragment L26 (Fig. S) demonstrates that the form of VEGF 
It 3 sut>unit in the heterodimer is the 135 amino acid form. 
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Cloning and Sequencing of the VEGF II A Monomer 
30 PGP. Am.Qlifica'Jon. Cloning and Sequencing of ?<t238 

Two degenerate cirgonudeotides v/ere synthesized in order to amplify the cONA encoding the peptide 
sequences of VEGF A subu-..: bef^^een LysC fragment L 42 and tr^ptic fragment T33. These cligonudeotides 
were: 

35 L42.2 5'TTTGrCGACMTTC)ATGGA[TCjGT[N]TArrCjCA 3' T383'3 
5' CAGAGA^TTCGTCGACA{AGlTC[N]GT[AGjTT|TC]TT [AG]CA 3' 
where N=ACGT 

. Poly A" RNA was isolated from GS-9L cells using the Fast Track RNA isolation kit from Invitrogen and the 
orotocoi orcvided. First strand cDNA synthesis was perfonned as follows: 
^ 1 ug of GS-9L RNA was annealled to 1 j^g of adapter prim.er TA17. 5'GACTCGAGTCGACATC- 

GA I I ; t I I . 1 1 1 I 1 ■ i t I T 3'. by incubating in a volume of 10 pi at 70*'C for 5 m.in. follow-d by cooling to room 
temperature. To this reaction was added: 
3.0 ul waler.. 

2.5 pi 10X buffer (500 mM Tris-HCI oH 3.3. 750 mM KCl. lOOmM MgCU. 5 mM spermidine) 
45 2.5 pi 100 mM OTT 

2.5 pi 10 mM each dATP. dGTP. dCTP. dTTP 
O.S p! 15 units RNasin 
2.5 pi 40 mM Na pyrophosphate 
1.5 pi 15 units reverse transcriptase 

and the reaction was incubated at 42-C for 1 hour, then diluted to 1 ml in 10 mM Tris-HCl 1 mM EOTA. 
pH 7.5. 

PCR Reactions: 



Primary reaction (100 pi) 
<iS 10 pi 10X buffer from Peri<in Elmer Cetus GeneAmp kit 

15 pi 1.25 mM each stock of dATP. dCTP. oGTP. and dTTP 

2 vJ first strand GS9L cDNA 
2 ul 50 pMoles L42.2 
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? ui, 5C p\-:o:e.3 T3S3"3 

0.5 -i 2.5 'jnitG Arr.olitaq O^^A f:c!ymerase 

57.5 |jj water 

Peaction ccncitions. ao cydes cf 9^"C. V: 50=C. 2'3C-. 72'C. 2'. 
Prep scale secondary reacticn: 
ICO 'aI 10X buffer 

1 50 Jil 1 .25 mM each stock cf dATP. dCTP. dGTP. and dT~ 

10 primary PGR reaction 

20 ^1 500 pMcles U42.2 

2C -x! 500 pMoIes T333'3 

5 ui 25 units AfT.plitaq DNA polymerase 

635 ill '.vater 

Reacticn conditions 94°C. 1': 55'C. 2': 72^C. 2': 30 cycles. 

The PGR p<ocuct was concentrated by CenLncon 30 spin cclurrns. puriHed on a 1% agarose gel., and diges- 
ted 'A/ith restriction endonuciease SalL The Sail fragment was then iigated into Sail cut pGEM3Zf(+}. The li^-aticn 
mix was used to transfcnTi E. blue. Plasmid ONA was isolated rrcrn white transfonmants and sequ- 

enced by the dideoxy chain terminatJon method. 

PGR Amplification. Cloning and Sequencing of pW-3 

oased on the sequence obtained from the p4238 clones, two specific PGR phmers were synthesized: oligo 
307 STTTGTCGACTCAGAGCGGAGAAAGC 3' and oiigo 239 5'TTTGTCGACGAAAATCACTGTGAGC 3'. 
These pnmers were used in combination with cligoA 17 5'GACTCGAGTCGACATCG 3' to ampli^/ the cONA 
encoding the COOH terminus cf VEGP A subunil using Lhe 3' PJ\CE technique described by Frohinan et ai.. 
PNAS 35: 399S-9002 (1933). 
PGR reactions: 
Primary reaction 100 p.1 

10 mJ 10X buffer from Perkin Elmer Celus 
GeneAmp kit 

13 ai 1.25 mM each stock of dATP. dCTP. dGTP. and dTTP 
0.35 -jJ first strand GS-9L cONA 

ui 50 pMoles oligo 239 
0.5 ^l 2.5 units Amplitaq DNA polymerase 
67. 1 5uJ water 

Reactk2n conditions 94°C. V: S8*»C. 2'; 72'C. 2'; 10 cycies then add 50 pMoles A17. then 1 c/de of 94«C. V; 
Sa'C. 2': 72''C. 40' followed by 40 c/cles 94*»C. V; 53''C. 2': 72''C, 2'. 
Prep Scale secondary reaction: 

60 m\ 10X buffer 

106 nl 1.25 mM each stock of dATP. dCTP. dGTP. and d i i P 

24 pj primary PGR reaction 
12 ^il 300 pMoles oligo 307 . 
12 ^l 300 pMoIes oligo A17 
3 (jJ 15 unit3 Amplitaq ONA polymerase 
331al water- 
Reaction conditions S^'C. V: 5o='C. 2': 72"C. 2': 30 cycles. 

The PGR product was purified on a 1% agarose gel and digested with restriction endonuciease SalL i ne 
Sali fragment was then Iigated into Sail cut pG£M3Zf(+). The ligation mix was used to transform £. coh XL-1 
blue. Plasmid DNA was isolated from white transformants and sequenced by the dideoxy chain tenm.nation 
method. 

?CR Amplification. Cloning and Seouencing of p5-15 

Snsed on the -^SQuer.ca cf cyi238 clones, two soeciHc PGR primers were synthesized; oligo 113 5' 
—TGTCGACAACACAGGACGGCTTGAAG 3' nnd oligo 74 5' TTTGTCGAC ATACTCCTGGAAGATGTCC 3'. 
ri.«n pr.mnm wnrn „.,nd In COmhlnnllon with oHqO Air T; GACTCGAGTCGAC ATCG 3' (0 .imnlify the cONA 
n,w n,lina lha .-.mrno lorn.inus of vnCI- A fl.ilmnil u.Hna lh« .V IMCP; (nchninuo <<«.ioribrt,J l)y FfOhman ^ al.. 
..unrn. Oi'QO 1S1 wns :,yn.l-.«3.;-r,l m or<lf.r in spBafirally prima VHCr A .uDunIt cONA from GS-OL KNA. GIiqo 
If;* Ir. .VCTTCATCATTGCAGCAGC 3'. 



12 



BP 0 ^76 983 A1 

RNA was isolated from GS-9L cells using the FastTrack RNA isolation kitfrom Invitrogen using the protocol 
provided. First strand cDNA synthesis was performed as follows: 

One j^g of GS3L RT>iA was annealled to 1 of ciigo 151 by incubating in a volume of 6 »il at 70'C for 5' 
foHowed by cooling to room temperature. To this reaction was added: 
5 1.5 nl 10X buffer (SOOmM Tris-HCI, pH 8.3. 

750 mM KCl, 100 mM MgCt2, 5 mM spermidine) 
2.5 10 mM DTT 

2.5 nMO mM each dATP, dGTP. dCTP. dTTP 
0.6 pLl'25 units RNasin 
10 2.5 ^1 40 mM Na pyrophosphate 

9.5 ^1 20 units diluted reverse transcriptase 
The reaction was incubated at 42"C for 1 hour. Excess oligo 1 51 was removed by Centricon 100 spin col- 
umns and the 5' end of the cDNA was tailed by the addition of dATP and tenninal transferase. The tailed cONA 
was dfluted to a final volume of 150 jol in 10 mM Tris-HCI. 1 mM EDTA. pH 7.5. 
15 PCR Reactions: 

Primar/ reaction (50 ^J) 

5 pil 10X buffer from Perkin Elmer Cetus GeneAmp Kit 
8 ^xl 1 .25 mM each stock of dATP .dCTP. dGTP. and dTTP 

5 first strand GS-9L cDNA prime with oligo 151 and tailed 
20 1 jjJ 25 p Moles oligo 1 13 

1 25 pMoles oligo A17 

1 til 10 pMoles oligo TA17 

0.25 ^ 1.25 units Amplilq DNA polymersase 

28.75 ^iJ water 

25 Reaction conditions; 1 cycle 94«C V: 50*C 2': 72»C 40' then 40 cycles of 94-C 1'; SO^'C VSQ-; 72-C 2' 

Prep scale secondary reaction: 
60 jiJ 1 0X buffer 

96 \il 1 .25 mM each stock of dATP. dCTP. dGTP, and dTTP 

6 jiJ primary PCR reaction 
30 12 300 pMoles oligo 74 

1 2 ^l 300 pMoles oligo A1 7 

3 iJ 15 units Amplitaq DNA polymerase 

41 1 ^il water 

Reaction conditions 94<»C. 1': 55'»C. 2'; 72^C. 2'30 cycles. 
35 The PCR product was concentrated by Centricon 100 spin" columns, and digested with restriction endonuc- 

lease Sail. The Sail fragment was then ligated into Sail cut pGEM3Zf(>). The ligation mix was used to transforrn 
E. coli XL-1 blue. Plasmid DNA was isolated from white transfonnants and sequenced by the dideoxy chain 
tenninalion method. The base sequence is shown in Fig. 5. 



40 Cloning and sequencing of alternaUve forms of VEGF A cDNA 

Based on the sequence obtained from the p5-15 and pWO clones, two specific PCR primers were syn- 
thesized; oligo 5'C 5' TTTGTCGACAACCATGAACTTTCTGC 3' and oligo 181 5' TTTGTCGACGGTGA- 
GAGGTCTAi3TTC 3'. These primers were used together to amplify multiple cDNAs encoding altemative forms. 
4S of the VEGF A subunit. 

Preparative PCR Reaction: 
50 jal 1 0X buffer 

80 ^1 1 .25mM each stock of dATP. -dCTP. dGTP. and dTTP 
10 n! first strand GS-9L cDNA 
SO 10 nl 300pMoles oligo 5'C 

10 jjlI 300pMoles oligo 181 
2.5 jil 15 units Amplitaq DNA polymerase 
337.5 ul water 

Ronction conditions 94«C. ri Sa'C. 2': 72''C. 3': 40 cycles. 
5'. The PCR product was extracted with phonol/chiorofcrm. concentrated by Centricon 30 spin columns, pro- 

cioilated by elhanol. and digested with restriction endonuclease Sal I. and ligated into Sail cut pGEM3Zf(+). 
Thn linnlion m.x wnn u.soci to trnn.iform E.coli XL-1 bluo. Plnnmld ONA wns laolalod from whito transformonts 
c;fu{ .ViiotinncrO by ih" dulnoxy ch.n.n inrm»n«nan n^cihod. Three nmn of cionea were? IdQr.iincjd. Clono ii^2 
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■ cnocded the ^Si amino acid secreted form of VEGF A subunit identical Ic that shown fn Fig. 4. The ^.64 amino 
ccid form of VEGF A subunit is that amino acid sequence njninc contir-cusly from AJa^' to Arg"*'. CIone^i14 
haa a 135 base pair deietion between :r,e second base of the Asn'^ cc-tcri and the third base cf the Arg'*^ 
codon. This done thus encodes a 120aa secreted form of the VEGF A subunit with the conversion of Asn'*^ 
5 to Lys'*^. The 120 amino acid form of VEGF A subunit runs from Ala ^' to Asn which becomes Lys'« and 
does not begin until Cys'*s^ this form also ttnishes at Arg'^. Clone ii16 has a 72 base pair insertion between 
she second and third base of the Asn'*^ codon. This clone thus encodes a 1 33 amino acid secreted fonn of the 
VEGF A subunit with the conversion of Asn'-^ to Lys^*°. The nucleotide sequence and the deduced amino acid 
sequence of this insertion is: 

10 

Lys Lys Ser Vai Arg Gly Lys Giy Lys Gly Gin Lys 
A A^A TCA GTT CGA GGA A^.G G^A J^AG GGT CAA .\AA 

'5 Ajrg Lys Arg Lys Lys Ser Arg ?he Lys Ser Trp Ser 

■•CG2^. A^G CCC :^AG AA^ TCC CGG TTT AA-. TCC TGG AGC 

Val 

TO GT 



EXAI^PLE 10 

25 Cloning and Sequencing of the VEGF II 3 Subunit 

PCR Am pi if7 cation. Cfoning and Sequencing of pYG 

Two degenerate oligonucleotides were synthesized in order to ampii^/ the cONA encoding the peptide 
30 sequences of VEGF II 8 on Lys C fragment L50. These oligonucleotides were: 

YI 5* TTTGTCGACATA[TC]AT[TCA]GC[N]GA[TC]GA[AG]C 3* 
GO 5*" TTTGTCGACTC[AG]TC[AG]TT[AG]CA[AG]CA[K]CC 3' 

J5 

where N=ACGT 

RNA was isolated from GS-9L cells using the Fast Track RNA Isolation kit from Invitrpgen and the protocol 
orovided. First strand cONA synthesis v/as performed as follows: 

iig of GS-9L poly A'RNA was annealled to 1 \ig of adapter primer TA1 7. 5'GaCTCGAGTCGACATC- 
^ GATTTTTTTTTTTTTTTTT 3'. by incubating in a volume of 10 ^il at TO'C far 5 min. followed by cooling to room 
temperature. To this reaction was added: 
3.0 jjJ water 

2.5 10X buffer (500 mM Tris-HCI. pH B.3. 750 mM KCI. 100 mW MgClj. 5mM spenmidine) 

2.5 ^li -1 00 mM OTT . 
-45 2.5 ;J 10 mM each dATP. dGTP. dCTP. dTTP 

0.6 ^^ 15 units RNasin ' 

2.5 ul 4>0 mM Na pyrophosphate 

1.5 jj 15 units reverse transcriptase 
and the reaction w;9S incubated at 42''C for 1 hour, then diluted to 1 m! in 10 mM Tris-HCI. 1 mM EDTA. pH 
50 7.5. 

PCR Reactions: 
Primar/ reaction (50ul) 

5 nl 10X buffer from Perk'm Elmer Cetus GeneAmp kit 
3 ul 1.25.mM each stock of dATP. dCTP. dGTP. and dTTP 
55 1 ul Hrst strand GS-9L cDNA 

1 pi 50 pMoles oiigo YI 
1 PlI 50 pMoies oiigo ilC 
0.25 pi "J .25 units Amplitaq DNA polymerase 

14 
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33.75 jil water 

Raaction conditions, 40 cydes of 94*»C, 1': 50*C. 2': 72*C. 2*. 
.Prsp scsi€ rssction 
60 ^lOX buffer 

96 jii 1 ^5mM each stock of dATP. dCTP. dGTP. and dTTP 
1 2 jxl first strand 659L cONA 
12 111 SOOpMofes oligo YI ' 
12 ^iJ SOOpMoIes olfgo GC 
3 15 units Ampfitaq DNA polymerase 
405 fjd water 

Reaction condttions 94*C. 1': 50'C. 2': 72**C. 2'40 cycles. 
The PGR product was concentrated by Centricon 30 spin columns and digested with restriction endonuc- 
lease Sail. The Sail fragment was then ligated into Sail cut pGEM32f(+). The ligation mix was used to transform 
E. coli XL-1 blue. Plasmid DNA was isolated from white transfonnants and sequenced by the dideoxy chain 
termination method. 

PGR Amplification, Cloning and Sequencing of p3V2 

Based on the sequence obtained from the pYG clones, a specific PGR primer was synthesized; oligo HP 
70 5' TTTGTCGACACACCCTAATGAAGTGTC 3'. This primer was used in combination with oUgo A17 5' 
GACTCGAGTCGACATCG 3' to amplify the cDNA encoding the COOH terminus of the VEGF 11 B subunit using 
the 3' RACE technique described by Frohman et al.. PNAS 85: 899S-9002 (1988). 
Preparative PGR reaction: 

60 jjlI ICX buffer from Perkin Elmer Getus Gene Amp Kit 
55 12 Hrsl strand 659L cDNA 

96 nl 1 ,25 mM each o.' dATP. dCTP. dGTP. dTTP 
12 nl 300 pMoles oligo A17 
12 ijJ 300 pMoles oligo HP 
3 p.! ISunits Ainplitaq ONA polymerase 
30 405 water 

Reaction condiUons 1 cycle of 94-G. V: 5a**C. 2': 72''C. 2'; followed by 40 cydes 94*G. 1'. 58'C. 2' and 
72''C. 2'. 

The PGR product was concentrated by Centricon 30 spin columns, precipitated with ethanol and digested 
with restriction endonudease Sail. The Sail fragment was then ligated into Sail cut pGEM32f(+). The ligation 
35 .mix was used to transform E. coli XL-1 blue. Plasmid DNA was isolated from white transformants and sequ- 
enced by the dideoxy chain termination method. ' 

PGR Amplification, Cloning and Sequencing of p5V2 

40 Based on the sequence of pYG clones, two specific PGR primers were synthesized: oMgoVL' 5' 

TTTGTCGAGAACAGCGACTCAGAAGG 3' and oligoVS' 5' TTTG TG GAG AG TGAATATATGAGAG AC 3'. 
These primers were used in combination with oligo A17 5' GACTCGAGTCGACATCG 3' to amplify the cDNA 
encoding the amino terminus of the VEGF II B ;t jbunit using the 5' RAGE technique descrit>€d by Frohman et 
a[.. supra. Oligo 151 was synthesized in order to prime cONA from GS-9L RNA. Oligo 151 is 5' GTTGAT- 
45 CATTGCAGCAGG 3'. 

Ploy A*RNA v/as isolated from GS9L cells using the Fast Track RNA isolation kit from Invitrogen using the 
protocol provided. First strand cDNA synthesis was performed as follows: 

One jjg of GS9L RNA was annealled to 1 pg of oligo 151 by incubating in a volume of 8 at 70"C for 5' 
followed by cooling to room temperature. To this reaction was added: 
50 1 ,5 >I 1 0X buffer (500 mM Tris-HCI. pH 8.3. 

750 mM KCI. 100 mM MgClj, 5mM spermidine) 
2.5 10 mM DTT 

2.5 ^iJ 10 mM each dATP. dGTP. dCTP. dTTP 
0.6 jj 25 units RNasin 
55 2.5 40 mM Na pyrophosphate 

9.5 laJ 20 units diluted reverse transcriptase . 
The reaction was incubated at 42*C for 1 hour. 
Excess oligo 1 51 was removed by Centricon 100 spin columns and the 5' end of the cDNA was tailed by 
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the addieion of 6ATP and terminal transferase. The tailed cONA was diluted to a final volume of 150 \i{ in 1C 
mM Ths^HCl, 1 mM EOTA.pH 7.5 ' 
PGR Raactions: 
Primary reaction (50 ^:l) 
5 5 III 10X buffer from Perkin Elmer Celus GeneAmp Kit 

8 ^iJ 1.25 mM each stock of dATP.'dCTP.dGTP. and dTTP 
5 laJ first strand GS9L cDNA primed with oligo 151 and taHed 
1 ^ 25 pMdes oligo VL' 
1 Mi25pMolesongoA17 
TO 1 10 pMoles oligo TA17 

0.25 ^if 1 .25 units Amplitq DNA polymersase 
28.75 water 

Reaction conditions: 1 cycle 94«C ,1'; 58-C. 2': 72''C:40* then 40 cycles of 94«C. V; 58*»C. 2': 72*C. 2'. 
Prep scale secondary reaction: 
IS ^ 100 1 0X buffer 

1 60 tii 1 .25 mM each stock of dATP. dCTP. dGTP. and dTTP 

10 nJ primar/ PGR reaction 

20 500 pMoles oligo VS' 

20 ^iJ 300 pMoles oligo A1 7 
20 5 pi 25 units Amplitaq DNA polyrrjerase 

685 viJ water 

RedCtion conditions 94''C. 1'; 58**C. 2'; 72'C, 2'30 cydes. 
The PGR product was extracted with phenol/chloroform, concentrated by Centrtcon 30 spin columns, pre- 
cipitated by ethanol, and digested with restriction endonuclease Sail. The Sail fragment was purified on 4% 
25 Nu-Sieve Agarose gel then ligated into Sail cut pG£M32f(+). The ligation mix was used to transform £. coli 
XL-1 blue. Plasmid DNA was isolated from white transformants and sequenced by the did eoxy chain termination 
method. 



30 



5^ 



PGR Amplificabon. Cloning and Sequencing of pCV2 and pCV2.1 



Based on the sequences of the p3V2 and p5CV2 ciones. two specific PGR primers were synthesized; oligo 
5'GV2. 1 5' TTTGTGGAC(N)[NIGCAGGTCGTAGCTG 3' and oligo 3'GV2 5' TTTGTCGAG[NI[N]CTAATAAA- 
TAGAGGG 3', These primers were used together to amplify the cDNA encoding the VEGF B subunit. 
Preparative PGR Reaction:^ 
35 40 viM OX buffer 

S4 ^1 1.25 mM each d.ATP. dTTP. dGTP. dCTP 
8 ^i] first strand GS-9L cONA 
8 pil 200 pMoles 5'GV2.1 • 
8 200 pMofes 3'GV2 
-tc 2 ^ lOunits Amplitaq DNA polymerase 

270 lal water 

Reaction conditions: 94 ''C. r. SS'C. 2'. 72''C. 2': 40 cycles. ^ 
The PGR product was extracted with phenol/chiorofonm. concentrated by Centricon 30 spin columns, pre- 
cipitated by ethanol. and digested with restriction endonuclease Sal I. and ligated into Sal I cut pGEM3Zf('>*). 
45 The ligation mix was used to transfonn E. coH XL-1 blue. Plasmid DNA was isolated form white Iransfromants 
and sequenced by the dideoxy chain termination method. Two sets of clones were identrfied. one encoded a 
1 35 amino acid sequence and the other encoded a 11 5 amino acid sequence, see Figures 6 and 7 respectively. 



cDNA Cloning of VEGF S Subunit 



The DNA and protein sequences for the amino tenminus of the signal peptide of VEGF 8 v/as determined 
from a cDNA done isolated from a cDNA library constructed from GS-9L polyA* RNA. 
First Strand Synthesis 

Anneal ^5.6\xl (5ug) GS-9L polyA+ RNA and 2.5jxl (2.5ug) oligo dT-Xbal ^rime'c by heating to 70' C 5* slow 
55 cool to room temperature. Add the following: 

5.5^l 10X buffer (500 mM Tris-HCI, pH 8.3 (42' C). 
750 mM KCl. 100 mM MgCIj. 5mM spermidine 
5.5nl lOCmM OTT 
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. 5.5^lJ 10 mM each dATP. dTTP. dCTP. dGTP 
1.M (SSunits) RNasin 
S.Spi -tOmM NaPPi 

13.5tJ 55units AMV reverse transcriplase 
5 Incubate at 42" C 60'. 

Second Strand Synthesis: 
Assemble reaction mix 
50 (J first strand reaction 

25 10X buffer (500 mMTris-HCI. pH7.2. 850 mM KCL. 30 mM MgCU 1mq/ml 8SA, 100 mM {NH.),SO. 
10 7.5 nl 100 mM DTT \ 4 

25 |J 1mM NAO 

6,5 )al (65units) E. coli ONA Polymerase! 
2.5 ixl (^Sunits) E. otIi DNA Ligase 
2.5 ^l^ (2 units) E. coH RNase H 
15 135 jil water 

Incubate at 14" C for 2h and then incubate 70° C for 10'. Add 1ul (10 u.nlts) T4 DNA Polymerase, incubate 
at 37- C for 10'. add.25 ^ 0.2M EDTA an extract with phenol/chloroform, then precipitate by the addition of 0.5 
volume of 7.5 M ammonium acetate and 3 volumes of ethanoi, collect precipitate and resuspend in 20 of 10 
mM Tris-HCI. pH 7.5, ImM EDTA. 
20 cDNA Library Construction 

The above cONA was ligated into EcoRI/ Xbal digested LambdaGEM-4 (Prcmega Biochemicais) after the 
addition of EcoRl linkers and digestion with EcoRI and Xbal. A cONA library was amplified from -50. 000 
independent clones. 

Isolauon of Rat VEGF B cDNA Clone 
25 The above cONA library was screen by placque hybridization using pCV2 as a probe. Hybridization con- 

ditions were as follows: 

5XSSC (1XSSC is 0.1 5M sodium chloride. 0.0 15M sodium citrate. 
50% Formamide 

5X Denhardfs Solution (1% FicoH. 1% polyvinylpyn-olidone. 1% bovine serum albumin) 
JO 0.15 mg/ml salrron sperm DNA hybridize overnight at 42" C. 

Filters were washed 3 times in 2XSSC. 0.1% SDS at room temerature for 5'. then 1 time in 1XSSC. 0. 1% 
SOS at 50C for 30'. Positive clones were identified by autoradiography. 

The DNA from phage ^^202 was digested with restriction endonudease Spel and the 1.1kb band jigated 
into Xbal digested pGEM32f(-»-)- The ligation mix was used to transform E.coti XL-1 blue. Plasmid DNA was 
35 isolated from white transformants and sequenced by the dideoxy chain termination method. The cONA sequ- 
ence and predicted amino acid sequence of the signal peptide are shown in Fig. 6 and Fig. 7. 

The entire nucleotide and amino acid sequence of the 1 1 5 amino acid form is shown in Fig. 7. The secreted 
protein starts at Ala^* and continues to Arg^^. The entire nucleotide and amino acid sequence of the 135 amino 
acid form is shown in Fig. 7. The secreted orotein starts at AJa^* and continues to Leu'^. 
^ . 

Claims • . ^ 

1. Mammalian vascular endothelial growth factor II comprising a heterodimer with an apparent non-reduced 
^5 molecular mass of about 58.000 daltons. with said heterodimer made up of an A subunit having an appa- 

rent reduced molecular mass of about 23.000 daltons and a 8 subunit having an apparent reduced molecu- 
lar mass of about 23.000 daltons with said vascular endothelial growth factor substantially free of impurities 
and mitogenic for mammalian vascular endothelial cells. 

so 2. The vascular endothelial growth factor H of claim 1 wherein the growth factor is isolated and purified from 
human ceils, cell culture media or tissues. 

3. The vascular endothelial growth factor I* of claim 1 wherein the factor is mitogenic for mammalian vascular 
endothelial ceils. 

55 

4. Mammalian vascular endothelial growth factor !l- comprising a heterodimer with, an apparent non-reduced 
m.olecular mass of about 58.000 daltons. with said hom.oodimer made up of two A subunits having an appa- 
rent reduced molecular mass of about 23.000 daitons each wilii said vascular endoii^elial gi'owth facior 
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substantially free of impurities and mitogenrc for mammalian vascular endothelial cells. 

5. Mammalian vascular endothelial growth factor comprising a homodimer comprising two 8 subonrts with 
said endothelial growth factor substantially free of im.purities and mitogenic for mammalian vascular 
endothelial cells. 

6. A protein comprising an arnino acid sequence substantially corresponding to all or a portion of the amino 
acid sequence of rat vascular endothelial growth factor II with said vascular endothelial gowth factorhaving 
a 8 subunit selected from the group consisting of the 135 amino acid fonm and the 115 amino add form 
and having an A subunit selected from the g roup consisting of the 188 amino jcid form, the 164 amino 
acid fonn and the 120 amino acid fonn and other microheterogenecus fonms thereof with said growth factor 
being free of other proteins. 

7. Vascular endothelial growth factor comprising an A subunit of at least the amino acid sequence as shown 
in Figure 4 and a B subunit of at least the amino acid sequence as shown in Figure 5 ar.d any micro- 
heterogeneous or truncated fonms thereof which are biologically active,and are substantially free of impuri- 
ties. 

. Vascular endothelial growth factor comprising an A subunit of at least the nucleotide sequence as shown 
in Figure 4 and an 8 subunit of at least the nucleotide sequence as shown in Figure 6 and any micro- 
heterogeneous or truncated fonns thereof which are biologically active and are substantially free of impuri- 
ties. 



Vascular endothelial grov/th factor comprising fAfo 8 subunits of at least the nudeotide sequence as sho\ 
in figure 6 or figure 7 and any microheterogenecus or truncated forms thereof which, are biologically acti 
and are substantially free of impurities. 



0. A process for the isolation of vascular endothelial growth factor II in substantially pure fonn which com- 
prises the sequence of steps of: 

a. isolation of conditioned growth media: 

b. cation exchange chromatography; 

c. lectin affinity chromatography: 

d. cation exchange high performance liquid chromatography: 

e. metal-chelate affinity chromatography: 

f. reverse-phase high performance liquid chromatography: and 

g. collecting the substantially pure vascular endothelial growth faclor II. 

. The process of daim 10 wherein: 

a. isolation of conditioned growth media by filtration; 

b. cation exchange chromatography with adsorption on carboxymethyl Sephadex C-50 cation exchange 
resin at pH 6.0 followed by a rinse with 0.05 M sodium phosphate. pH 6.0. 0.1 .M NaCI and elution with 
0.05 sodium phosphate. pH 6.0, containing 0.6 M NaCI: 

c. lectin affinity chromatography with adsorption on concanavalin A agarose resin at pH 6.0 followed 
by;.elution with 0.05 M sodium acetate. pH 6.0. containing 1 rr.^A CaClj. 1 mM MnCIj. 0,1 M NaCI and 
0.32 W alpha-methyl mannoside and 0.23 M alpha-methyl gluccside; 

d. cation exchange high perform"ance liquid chromatography with adsorption on Polyaspartic Acid WCX. 
equilibrated in 0.05 M sodium phosphate. pH 6.0 followed by elution with about 0 to about 0.75 M NaCI 
linear gradient: ■ " 

e. metal-chelate chromatography with adsorption on Phanmacia Chelating Sepharose 68 charged with 
excess Cu*" followed by elution with a gradient of 0.5 mM to lOOmM imidazole in buffer containing about 
0.05 M sodium phosphate, about pH 7.0." about 2 M NaCI; 

f. reverse phase high performance liquid chromatography with adsorption on a C* column equilibrated 
in 0.1 % trifluoroacelic acid followed by elution with a gradient cf 0 to 67 % (v/v) of acetonitrile in 0..1 % 
trrfluoroacetic: and 

g. collecting the substantially pure vascular endothelial growth factor II. 

The process of Claim 10 for the isolation of vascular endothelial growth factor II from GS-9L col' culture 
flu^i. 
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13. A tissue repairing pharmaceutical composition comprising a phamiaceutical carrier and an effective tissue 
repairing amount of the purified vascular endothelial growth factor II of any one of Claims 1 or 4 to 9, 

14. The use of the vascular endotnelial growth factor II of any one of Claims 1 or 9 to 9 for the manufacture 
5 of a medicament capable of promoting tissue repair. 

15. A method for the stimulation of growth of vascular endothelial cells which comprises treating a sample of 
the desired endothelial cells in a nutrient medium with vascular endothelial growth factor II at a concen- 
tration of about 0. 1-100 ng/ml. 

10 . ' ; 

16. A method for preparing synthetic vessels comprising treating synthetic polymeric vessels with vascular 
endothelial growth factor 11. 

17. The use of a synthetic vessel prepared by the method of Claim 16 for the manufacture of a medicament 
?5 suitable for use as a vessel irnplant whereby, after im.plantation. endothelial cells migrate into and grow 

on the artiftcial surface. 

'18. The use of vascular endothelial growth factor I! for the manufacture of a medicament for the stimulation 
Of the grov^rth of vascular endothelial cells m vivo whereby either vascular repair, or neovascularization. 
20 or both, is promoted. 

19. A purified ana isolated ONA sequence encoding the 133 amino acid A subunit of vascular endothelial 
growth factor H. 

25 20. A purified and isolated ONA sequence encoding the 164 amino acid A subunit of vascular endothelial, 
growth factor II. 

21. A purified and isolated ONA sequence encoding the 120 arnino acid A subunit of vascular endothelial 
growth factor 11. 

30 ■' ■ ' • 

22. A purified and isolated DNA sequence encoding the 135 amino acid 8 subunit of vascular endothelial 

growth factor II. 

23. A purified and isolated ONA sequence encoding the 115 amino acid 8 subunit of vascular endothelial 
j5 growth factor H. 

24. Vascular endothelial growth factor li ONA comprising an A subunit ONA sequence selected from the group 
consisting of: a DNA sequence encoding an 188 amino acid form, a DNA sequence encoding an 164 amino 
acid form and a DNA sequence encoding a 120 amino acid form, with said A subunit DNA opsrably 

4C attached to a B subunit DNA sequence selected from the group consisting of: a ONA sequence encoding 

a 135 amino acid form: and a DNA sequence encoding a 1 15 amino acid form. 

25. Heterodimeric vascular endothelial growth factor DNA comprising an A subunit DNA sequence encoding 
a 164 amiiao acid form operably attached to a 3 subunit ONA sequence encoding a 135 amino acid fomri. 

26. Heterodimeric vascular endothelial growth factor DNA comprising an A subunit DNA sequence encoding 
a 164 amino acid form operably attached to a 8 subunit ONA sequence encoding a 1 1 5 amino acid form. 

27. Homodimeric vascular endothelial growth factor ONA comprising a 8 subunit DNA sequence selected fonm 
50 the group consisting of: a 8 subunit ONA sequence encoding a 135 amino acid fomi and a 8 subunit ONA 

sequence encoding a 1 15 amino acid form. 

23. A vector containing the ONA sequence of any one of claims 24 to 27. 

55 29. A host cell transformed by the vector of claim 2 8 containing the DNA sequence encoding vascular 
endothelial growth factor II. 

30. A-process for the preparation of vascular endothelial grov/th factor II com.prisino culturing the transformed 
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^.ist C3i\ q( ciaim 29 ur^sr zoncii'ions suitable for tr.e sxrrassicr .c: vascular endotheiial grc'^h factor II 
^r.d recovering vascular endothelial growth factor I!. 

3t. '/ascular endothelial growth factor II made by the process of clairr. 20. 
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FIG. 3 
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